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{57 ABSTRACT

The present invention is directed 10 & process for ampli-
fying any desired specific nucleic acid sequence con-
1ained in a nucleic acid or mixture thereofl. The process
comprises treating separate complementary strands of
the nucleic acid with a molar excess of two oligonuclco-
tide primers, and extending the primers 10 form comple-
mentary primer extension products which act as tem-
plates for synthesizing the desired nucleic acid se-
quence. The steps of the reaction may be carned out
stepwise or simulaneously aod can be repeated as often
as desired.

21 Claims, 12 Drawing Figures
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FIG.1

Double-Stranded 94-bp Sequence

TTTGC  TTCTGACACA ACTGTGTTCA CTAGCAACCT ——
AMCG AAGACTGTGT TGACACAAGT GATCGTTGGA

CAAACAGACA
GTTIGICTGT

CTGCCGTTAC
GACGGCAATG

Ncol Hinfl Mstll
\) .V Vv

CCATGGTGCA CCTGACTCCT GAGGAGAAGT ——e=
GGTACCACGT GGACTGAGGA CT"C_CTCTI'CA :

AlleYic base

pair DNA
polymorphism

TGCCCTGTG
ACGGGACAC
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1

PROCESS FOR AMPLIFYING NUCLEIC ACID
SEQUENCES

This application 13 3 canunuation-n-part of copend-

ing U.S. apphication Ser. No. 716,975 filed Muar. 28,
1985. now abandoned.

BACKGROUND OF THE INVENTION

{. Field of the Invention

The present (nvention relates to a process for ampli-
fying existing nucleic acid sequences. Mors specifically.
it relates o a process for producing any particular nu-
zieic acid sequence from a given sequence of DNA or
RNA in amounts which are large compared to the
amount initally present. The DNA or RNA may be
single- or double-stranded. and may be a relatively pure
species or a component of a mixture of nucleic acids.
The process of the invention utilizes a repetitive reac-
tion to accomplish the amplification of the desired nu-
cleic acid sequence.

2. Description of Related Disclosures i

For diagnostic applications in particular, the target
nucleic acid sequence may be only a small portion of the
DNA or RNA in question, so that it may be difTicult to
d=tect its presence using oonisotopically labeled or
end-labeled oligonucleotide probes. Much effort is
being expended in increasing the sensitivity of the probe
detection systems. but little research has been con-
ducted on amplifying the target sequence so that it is
present in quantities sufficient to be readily detectble
using currently available methods

Several methods have been described in the literature
for the syathesis of nucleic acids de novo or from an
existing sequence. These methods are capable of pro-
ducing large amounts of a given nucleic acid of com-
pletely specified sequence.

One known method for synthesizing nucleic acids de
novo involves the organic synthesis of a nucleic acid
from nucieoside derivatives. This syathesis may be per-
formed in solution or on a solid support. One type of
organic synthesis is the phosphotriester method, which
has been utilized to prepare gene fragments or short
genes. In the phosphotriester method, oligonucieotides
are prepared which can then be joined together to form
longer nucleic acids. For a description of this method,
see Narang, S. A., et al, Meth. Enzymol, 68, 90 (1979)
and U.S. Pat. No. 4,356.270. The patent describes the
synthesis and cloning of the somatostatin gene.

A second type of organic synthesis is the phosphodi-
ester method, which has been utilized to prepare a
tRNA gene. See Brown, E. L, et al, Meth Enzymol,
68, 109 (1979) for a description of this method. As in the
phosphotriesier method, the phosphodiester method
involves synthesis of oligonucleotides which are subse-
quently joiged together to form the desired nucleic
acid.

Although the above processes for de novo synthesis
may be utilized 10 synthesize long strands of nucleic
acid, they are not very practical to use for the synthesis
- of large amounts of a nucleic acid. Both processes are
{aborious and time-consuming, require expensive cqQuip-
ment and reagents, and have a low overall efficiency.
The low ovenall efficiency may be caused by the ineffi-

20

23

45

50

55

&

ciencies of the synthesis of the oligonucleotides and of 65

the joining reactions. In the synthesis of 2 long nucleic
acid, or even in the synthesis of a large amount of 2
shorter nucleic acid, many oligonuclcotides would need

202
-

10 he synthesized 300 Many JoiRing resclions wouid be
required. Conscquently. thexe meinacs would no: pe
prucncal for syatheszing iarge amounts of anv gesireg
nucte1c anid.

Methods also exist for nroducing aucieic acids n
large amounts from small amounts of the initul exsung
nucle:ic acid. These methaas involve the cloning of o
nucicic acid in the appropnate host svsizm. where the
desired nucleic acid 13 inserted 1010 20 INNTOpriate vec.
tor which 15 used 10 transform the host. When the hosi
is cultured the vector is repiicated. and nsnce mors
copies of the desired nucieic acid are produzzd. For a
brief d=scription of succloning nucieic acic iragmens,
see Manatis. T.. et al.. Moiccu/ar Cloning: A Leooratory
Manual, Cold Spring Harber Laberaiory, pr. 390-40!
(1982). See also the techniques descriced in U.S. Pat
Nos. 4.416.988 and 4,403.036.

A third method for synthesizing nuc:eic acids. de-
scribed in U.S. Pat No. 4,293.652 is o hyorid of the
above-described organic synthesis and moiecular clon-
ing methods. In this process. the appropriate number of
oligonucicotides to make up the desirsd nucleic acid
sequence is organically synthesized and inseried sequen-
tially into a vector which is ampiified by growth prior
to each succeeding insertion.

The present invention bears some similanty to the
molecular cloning method: however, it doss notinvolve
the propagation of any organism and thereby avoids the
possible hazards or inconvenience which this entails.
The present invention also does not require synthesis of
nucleic acid sequences unrelated to the desired se-
quence, and thereby the present invention obwviates the
need for extensive purification of the product from a
complicated biological mixture.,

SUMMARY OF THE INVENTION

The present invention resides in a process for ampli-
fying one or more specific nucleic acid sequences pres-
ent in 2 nucleic acid or mixmure thereof usiag primers
and inducing agents The extension product of one
pnmzr when hybridized to the other becomes a tem-
plate “or the production of tbe desired specific nucleic
acid =quence, and vice versa, and the procsss u re-
peated as often as is necessary to produce the desired
amount of the sequence. This method is expected 10 be
more efficient than the methods described above for
producing large amounts of nucleic acid from a target
sequence and to produce such nucleic acid in a compar-
atively shont period of time. The present metbod 13
especially useful for amplilying rare species of nucleic
acid present in 3 mixture of nucleic acids for effective
detection of such species. .

More specifically, the present invention provides s
process for amplifying at least one specific nucleic acid
sequence contained in a nucleic acid or 3 mixture of
nucleic acids wherein each nucleic acid consists of two
separate complementary strands, of equal or uncgqual
length, which process compnses:

(a) treating the strands with two primers. for each
differ=nt specific sequence being arplificd, under
concitions such that for each different sequence
being amplified an extension product of each
primer is synthesized which i3 comp\cm;nury to
cach nucleic acid strand, wherein said pnmess are
selected 50 a5 to be substantially complementary to
different strands of each specific sequence such
that the extension product synthesized from one
primer, when it is separated from its complement,
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3 .
San serve as 3 template for synthesis af the exten-
sion product of the other primer:

(D) separaung the primer exiension pragycts from the
templat2s 0n which they were syathesized to pro-
duce single-stranded molecules: and

{c) treatng the single-siranded molecules generated
from siep (®) with the primers of step (a) under
condisons such that a primer extention product is
svathesized using each of the single strands pro-
duced 1n step (b) as a template.

The steps may be conducted sequentially or simulta.
neously. In addition. sieps (b) and (c) may be repeated
unul the desired level of sequence amphification 1s ob-
tained.

In other embodiments the invention relates to meth-
ods for diagnosing the presence of specific nucleic acid
scquences suspested of being in a2 sample and diagnostic
kits applicable thereto.

The present invention may be useful not only for
producing large amounts of an existing nucleic acid of
completely specified sequence, but also for producing
nucleic acid sequences which are known to cxist but are
not completely specified. In either case an initid] copy
of the sequence to be amplified must be available, ai-
though it need not be pure or a discrete molecule.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Ulustrates a 94 base pair length sequence of
human S-globin desired to be amplified. The single base
pair change which is associated with sickle cell anemia
is depicted beneath the 94-mer.

FIG. 2 illustrates an autoradiograph of polyacryl-
amide gel eiectrophoresis demonstrating amplification
of the 94-mer conuined in human wild-type DNA and
in a plasmid containing a 1.9 kb BamHI fragment of the
normal B-globin gene (pBR328:HbA).

FIG. 3 illustrates an autoradiograph of polyacryl-
amide gel electrophoresis demonstraung amplification
of any of the specific target 94-mer sequence present in
pBR328:HbA, a plasmid containing a2 1.9 kb BamHl
fragment of the sickle cell allele of B-globin
(pBR328:HbS), pBR328:HbA where the sequence to be
amplified is cleaved with MstIl, and pBR328:HbS
where the sequence 1o the amplified has be=n treated
but not cleaved with Mstll.

FIGS. 4-1-4-3 illustrate in detail the steps and prod-
ucts of the polymerase chain reaction for amplification
of the desired 94-mer sequence of human S-globin for
three cycles using two oligonucleotide primers. -

FIG. S represents an autoradiograpb of polyacryl-
amide gel electrophoresis demanstrating amplification
after four cycies of a 240-mer sequence in
pBRI28:HbA, where the aliquots are digested with
Ncol (Lane 3), Mstll (Laae 4) or Hinfl (Lane 5). Lane
1 1s the molecular weight standard and Lane 2 contains
the intact 240-bp product.

F1G. 6 illustrates the sequence of the normal (84) and
sickle cell (39) 8-globin genes in the region of the Ddel
and Hinfl restriction sites, where the single lines for 4
mark the position of the Ddel site (CTGAG) and the
doubie bars for 84and B3 mark the position of the Hinfl
site (GACTC).

FI1G. 7 illustrates the results of sequential digestion of
normal B-globin using a 40-mer probe and Ddel {ol-
lowed by Hin(l restriction enzymes.

FI1G. 8 illustrates the results of sequential digestion of
sickle B-globin using the same 40-mer probe as in F1G.
7 and Ddel followed by Hinfl restriction enzymes.
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FIG. 9 illustrates an uteradingrank of noiyacryi.
Imude el eiccirophorcus Semoanstraing the use of the
same 4U-mcr probe asin FIG. 7 10 specificaily Charac.
terize the bets-giobin slleles present 1n sSmpies of who)e
human DNA whick have been subjesied ‘
tion by the presen: me:hod.

FI1G. 10 illustrates 3 photograph of 3 6% NuSieve
agarose gel visualized using ethidium obromide and Lv
light. This photograph cemonstrates ampiificauon of a
sub-fragment of a 110-bp amplification arocust which

sub-fragment it an inner nested set within the 110.bp
fragment.

0 ampiific,.

DETAILED DESCRIPTION OF THE °
PREFERRED EMBODIMENTS

The term “oligonucieotide™ as used herem in refer-
Ting to primers. probes. oligomer fragmeats 1o be de-
lected. oligomer controls and unlabeled biocking oligo-
mers is defined as a molecule compnsed of two or mora
deoxyribonucleolides or ribonucleotides. preferably
more than thres. lis exact size will depend on many
faciors, which in turn depend on the ulumate function
or use of the oligonucieotide.

The term “primer™ as used heremn refers to an oligo-
nucleotide. whether occurring naturally as ina purificd
restriction digest or produced syntheucally, which is
capable of acting as a point of initiation of synthesis
when placed under conditions in which synthesis of a
primer extension product which is complementary to a
nucleic acid strand is induced, i.c.. in the presence of
nucleotides and an inducing agent such ss DNA poly-
merase and at 2 suitable temperature and pH. The
primer is preferably single stranded for maximum effi-
ciency in araplification, but may alternatively be double
stranded. If double stranded. the primer is firt treated to
scparate its strands before being used to prepare exten-
sion products. Preferably, the primer is an oligodeox-
yribogucleotide. The primer must be sufficiently long to
prime the synthesis of exiension products in the pres-
ence of the inducing agent. The exact lengths of the
primers will depend on many factors, includiog temper-
ature, source of primer and use of the method. For
example, for diagnostics applications, depending on the
complezity of the target sequence, the oligonucleotide
prnimer typically contains 15-25 or more nucleotides,
although it may contain fewer nucleotides. For other
applications, the oligonucieotide primer is typically
shorter, e.g., 7-15 nucleotides. Such shon primer mole-
cules generally require cooler temperatures to form
sufficiently staable hybrid complexes with template.

The primers herein are selected to be “substantially”
complementary to the different strands of each specific
sequence to be amplified. This means that the primers
must be sufficiently complementary to hybridize with
their respective strands. Therefore, the pnimer sequence
need not reflect the exact sequence of the template. For
example, a non-complementary nucleotide fragment
may be attached to the 5 end of the primer, with the
remainder of the primer sequence being complementary
10 the strand. Alternatively, non-complementary bases
or longer sequences can be interspersed into d’gc primer,
provided that the primer sequence has sufficient com-
plementarity with the sequence of the strand to be am-
plified to hybridize therewith and thereby form s tem-
plate for synthesis of the extension product of the other
primer. "

As used herein, the terms “restriction endonucleases
and ‘‘restriction enzymes™ refer to bacterial enzymes
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each of which cut double-st.anded DNA at or near 3
specitic nuc:eQtide sequence.

As used nerern. the term “DN A polvmomhism™ pe.
fers 10 the condition in which rwo gr mare dilfcrent
nucicotide sequences coexisis m the same interoreeding
popuiauon in 3 DNA sequence.

The tzrm “restricion {ragment length polymor-
prism™ ("RFLP™) refers to the differences in DNA
nucieotide sequences that are randomly distributed
throughout the entire human genome and that produce
difTerznt restriction endonucliease patterns.

The present invenuon is directed to a process for
amplifying any ons or more desired specific nucleic
azid sequences found in 3 nucleic acid. Because large
amounts of a specific sequence may be produced by this
process. the present invention may be used for improv-
ing ths efficiency of cloning DNA or messenger RNA
and for amplifying a targer sequence 1o (acilitate detec-
tion therzof.. The present invention is also usefu! for
obtaining large amounts of the desired sequence from a
mixture of nucleic acids resulting {rom an imperfect
chemical synthesis. - :

In genenal. the present process involves a chain reac-
tion for producing, in exponential quantities relative 1o
the number of reaction steps involved. at least one spe-
¢ific nucleic acid sequence given (2) that the ends of the
required sequence are known in sufficient detail that
oligonucieotdes can be synthesized which will hyberid-
ize to ther, and (b) that a small amount of the sequence
is available to initiate the chain reaction. The product of
the chain reaction will be 2 discrete nucleic acid duplex
with termini correspooding to the ends of the specific
primers employed.

Any source of nucleic acid, in purified or sonpurified
form, can be utilized as the stanting nucleic acid or
acids, provided it conuins or is suspected of containing
the specific nucleic acid sequence desired. Thus, the
process may employ, for example, DNA or RNA, in-
cluding messenger RNA, which DNA or RNA may be
single stranded or double stranded. In addition, a DNA-
RNA hybrid which contains one strand of each may be
utilized. A mixture of any of these nucleic acids may
also be employed, or the nucleic acid produced from a
previous amplification reaction herein using the same or
different primers may be so utilized. The specific nu-
cleic acid sequence to be amplificd may be only a frac-
tion of a larger molecule or can be present initially as a
discrete molecule, so that the specific sequence consti-
tutes the endre nucleic acid. It is aot necessary that the
sequence (o be amplified be present initially in a pure

-form; it may be a minor fraction of a complex mixture,
such as a portion of the S-globin gene contained in
whole human DNA or a portion of nucleic acid se-
quence due 10 a particuler microorganism which argan-
isro might coastitute oaly & very minor fraction of a
particular biological sample. The starting aucleic acid
may contain more than one desired spectfic aucleic acid
sequesce which may be the same or different. There-
fore, the present process is useful not only for produc-
ing large amounts of one specific nucleic acid sequence,
but also for amplifying simultaneously more than one
different specific nucleic acid sequence located on the
same or difTerent nucleic acid molecules.

The nucleic acid or acids may be obtained from any
source, for example, from plasmids such as pBR122,
from cloned DNA or RNA, or from natural DNA or
RNA from any source, including bacteria, yeast, vi-
ruses, und higher organisms such as plants or snumals.
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DNA ar RNA muy ne curactet from blood, tssye
materal such 4s chononic viili or ammouc celly ny :
variety 67 technigues such as that eexcrided by Maniay;
¢t al.. Moleeular Cioning A Laoorsiory Manual (New
York: Cold Spring Harbor Laboratory. 1982). pp
180-281. :

Any specific aucieic atid sequence can be produced
by the present process. I is only necessary that 3 suffi.
cient number of buses at both ends of the sequenze be
known 1n sufficient detail sO that 1wo ougonucicotide
primers can be prepared which will hybridize to differ-
cnt strands of the aesired sequence and at reiative posi-
tions along the sequence such tha: an extension procuc:
synthesited from one pnmer. when it 1s seoarated {rom
its template (complement), can serve as a template for
extension of the other primer into & nucleic acid of
defined length. The greaier the knowieage about the
bases a1 both ends of the sequence. the greater can be
the specificity of the primers for the target nucleic acid
sequence. and thus the greater the efficiency of the
process. 1t will be understood that the word primer as
used hercinafter may refer to more than one primer,
particularly in the case where there is some ambiguity in
the information regarding the terminal sequence(s) of
the fragment 1o be amplified. For instance. in the case
where 2 nucleic acid sequence is inferred from protein
sequence information a collection of pnmers containing
sequences representiag all possibie codon variauons
based on degeneracy of the genetic code will be used
for each strand. One primer from this collection will be
100% homologous with the end of the desired sequence
to be amplified.

The oligonucieotide primers may be prepared using
any suitable method, such as, for examaple, the phospho-
triester and phosphodiester methods described above,
or automated embodiments thereof. In one such auto-
mated embadiment diethylphosphoramidiies are used as
starting materials and may be synthesized as described
by Beaucage et al, Terrahedron Letters (1981), 22:
1855-1962 One method for synthesizing oligonucleo-
tides on a modified solid support is described in U.S.
Pat. Na. 4.458.066. 1t is also possible to use a primer
which bas been isolated from a biological source (such
as a restricuon endonuclease digest).

The specific nucleic acid sequesce is produced by
using the nucleic acid containing that scquepce as a
template. If the nucleic acid contains two strands, it is
necessary (o separate the strands of the oucleic acid
before it can be used as the template, cither as a separate
step or simultaneously with the synthesis of the pnmer
extension products. This strand separation can be ac-
complished by any suitable method including physical,
chemical or enzymatic means One physical method of
separating the strands of the sucleic acid involves heat-
ing the oucleic acid untd it is completely (> 99%) dena-
tured. Typical heat denaturation may involve tempera-
tures ranging from about 80° 10 105° C. for tmes rang-
ing from about | to 10 minutes. Strand separation may
also be induced by an eozyme {rom the class of enzymes
known as helicases or the enzyme RecA, which bas
helicase activity and in the presence of ripgA'l? is
known to denature DNA. The reaction condmfms suit-
able for separating the strands of nucleic acids with
helicases are described by Cold Spring Harbor Sympo-
sia on Quantitative Biology, Vol. XLIII “DNA: Repli-
cation and Recombination” (New York: Cold Spnng
Harbor Laboratory. £978), B. Kuhn et al., “DNA Heli-
cases”, pp. 63-67. and techniques for using RecA arc
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revicwed tin C. Radding, dun. Rev. Genenes. 16: 405-37
(1982). :

IT the onginal nucleic acid contaimng the sequence to
be amphbified 13 single stranded. 1ts complement 13 syn-
thesized by adding one or 1wo ahigonucleotde primers §
thereto. Il an appropriate single primer ix added. a
primer exrension product is synthesized in the praence
of the primer. an inducer or catalyst of the synthesis and
the four nucleotides described below. The product will
be parually complementary 10 the single-stranded nu-
cleic acid and will hybridize with the nucleic acid
sirand to form a duplex of unequal length strands that
may then be separated into singie strands as described
above 10 produce 1wo single scparated complemenuary
strands. Alternatively. two appropriate pamers may be
acded to the single-stranded nucleic acid and the reac-
1on carried out.

{f the oniginal nucleic acid constitutes the sequence to
be amplified. the primer extension product(s) produced
will be completely compiementary to the strands of the
original nucieic acid and will hybridize therewith 10
form a duplex of equal length strands 10 be separated
into single-stranded molecules. -

When the complementary sirands of the nucleic acid
or acids are separated, whether the nucleic acid was
originally double or single stranded. the strands are
ready to be used as a template for the synthesis of addi-
tional nucleic acid strands. This synthesis can be per-
formed using any suitable method. Genenally it occurs
in a buffered aqueous solution, preferably at a pH of
7-9. most preferably about 8. Preferably, a molar excess
(for cloned nucleic acid, usually about 1000:1 primer:-
tempiate, and for genomic nucleic acid, usually about
106:) primer:template) of the two oligonucieotide prim-
ers is added to the buffer containing the separated tem-
plate straads. It is understood, however, that the
amount of complementary strand may not be known if
the process herein is used for diagnostic applications, so
that the amount of primer relative to the amount of
complementary strand cannot be deterroined with cer-
tainty. As a practical matter, however, the amount of
primer added will generally be in molar excess over the
amount of compiementary strand (template) when the
sequence to be amplified is contained in a mixture of
compiicated long<chain nucleic acid strands. A large
molar excess is preferred to improve the efficiency of
the process.

The deoxyribonucleoside triphosphates dATP,
dCTP, dGTP and TTP are also added to the synthesis
mixture in adequate amounts and the resulting solution
is heated to about 90°-100° C. for from about | to 10
minutes, preferably from 1 to 4 minutes. After this heat-
ing peried the solution is allowed to cool to room ter-
perature, which is preferable for the pnmer hybridiza-
tion. To the cooled mixture ts added an appropriate
agent for inducing or caualyzing the primer extension
reaction, and the reaction is allowed to occur under
conditions known in the art. This synthesis reaction
may occur at from room temperature up to a tempera-
ture above which the inducing agent no longer func-
tions efficiently. Thus, for example, if DNA polymerase
is used as inducing agent, the temperature is generally
no greater than about 40° C. Most conveniently the
FCACtiOn OCCurs at rOOM temperature.

The inducing agent may be any compound or system 6
which will function to accomplish the syathesis of
primer extension products, including enzymes. Suitable
enzymes for this purpose include, for example, £ coli
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DNA palynterase |, Kiennw fragment of £ coli DNA
polymcrase 1. 13 DNA polymcerase. otner 3vauadee
DNA polymerases. revere transcnpase. and Other
enzymes. including heai-siablic enzymes. which wil]
facilitate comoiation of the nucieouges in the proper
manner 10 form the primer exteauon products which
are somplementary to cach aucieic acid strand. Gener.
ally, the synthesws will be 1muated at the 3 end af cach
primer and procesd i the §° dirscuion aiong the tem.
plate strand. until synthesis terminates. praducing moie-
cules of different jengihs. There may be inducing
agents. however, which initiate synthesis a: the §° end
and proceed in the other direcuon. using the same pro-
cess as described above.

The newly synthesized sirand and its complementary
nucleic acid strand form a doubie-stranded moiecuis
which i3 used in the succeeding steps of the process. In
the next step. the strands of the double-stranaed mole-
cule are separated using any of the procedures de-
scribed above 10 provide single-stranded moiccules.

New nucleic acid is synthesized on the single-
stranded molecules. Additional inducing agent, nucleo-
tides and primers may be added if necessary for the
reaction 10 proceed under the conditions prescribed
above Again. the synthesis will be initiated at one end
of the oligonucleotide primers and will proceed aiong
the single strands of the template 10 producs additional
nucleic acid. After this step, half of the extension prod-
uct will consist of the specific nucieic acid sequence
bounded by the two primers.

The steps of strand separation and extension product
synthesis can be repeated as often as needed to produce
the desired quantity of the specific nucleic acid se-
quence. As will be deseribed in further detail below, the
amount of the specific nucleic acid sequence produced
will accumulate in an exponentia) fashion.

When it s desired to produce more than one specific
nucleic acid sequence from the first nucleic acid or
mixture of nucleic acids, the appropriate number of
different oligonucleotide primers are utilized. For ex-
ample, if two different specific nucleic acid sequences
are to be produced, four primers are utilized. Two of
the primers are specific for one of the specific nucleic
acid sequences and the other two primers are specific
for the second spezific nucleic acid sequence. In this
manner, each of the two difTerent specific sequences can
be produced exponentially by the present process.

The present invention can be performed in a step-
wise (ashion whers after each step new reagents are
added. or simultancously, where all reagents are added
at the initial step, or partially step-wise and partally
simultancous, where fresh reagent is added after a given
number of steps. If a2 method of strand separation. such
as heat, is employed which will inactivate the inducin‘g
agent, as in the case of a heat-labile enzyme. then it 13
necesssary 1o replenish the inducing agent after every
strand separation siep. The simultaneous method may
be utilized when an enzymatic means is used for the
strand separation step. In the simultancous procedure,
the reaction mixture may contain, in addition to the
nucleic acid strand(s) containing the desired sequence,
the sirand-separating enzyme (¢.g.. helicu;). an appro-
priate energy source for the strand-separaung enzyme
such as rATP, the four nucieotides, the oligonucleotide
primers in molar excess, and the inducing agent, €-B-
Klenow fragment of £ coli DNA polymerase L Il heat
is used for denaturation in a simultaneous process, 8
heat-stable inducing agent such as a thermostable poly-
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merase may be employed which will aperate at an ele- desired sequence [S] enmpriced of Compiemeny,,
vated temperature. preferably 65°-90° C. depending on sirunds [S<) and [S-) s wtihized as the nucleis .c,!
the inducing agent. at which lemperature the nucleic During the first and each subsequent reacuion Cycle.
a;ld will consist of single and double strands in equilib- e1tension of each oligonucleotide pnmer on the original
rium. For smaller lengths of nucleic acid. lower temper- § template will produce one new SDNA moiecyie prog-
atures of about 50° C. may be employed. The upper uct of indefinite tength which terminates with only aone
temperature will depend on the temperature at which of the primers. These products. hereafter referred 10 as

the enzyme will degrade or the temperature above “long products™ will accumulate in a linzar fashion:
which an insufficient level of primer hybridization will that is. the amount present after any number of cycles
occur. Such 2 heat-stadle enzyme is described. e.5- by 10 will be proportional to the number of cycies.

A. S. Kaiedin et al.. Biokkimiyo. 4S. 644-65] (1980). The long products thus produced will act as tem.

Each step of the process will occur sequentially not- plates for one or the other of the oligonuzieange prime
. wnhst_anding the initial presence of all the reagents. ers during subsequent cycies and will produce mole-
Additional materiais may be added as necessary. After cules of the desired sequence [S*) or [S-). These mole-
the appropriate length of time has passed 1o produce the 15 cules will aiso function as templates for one or the other
desired amount of the specific nucleic acid sequence, of the oligonucleotide pnmers. producing further [S+}
the rescuon may be halted by inactivating the enzymes and [S-]. and thus 2 chain reaction can be sustained
in any known manner or separating the components of  which will result in the accumulation of [S] at an expo-
the reaction. nential rate reistive 1o the number of cyeles.

The process of the present invention may be con- 20 By-producs formed by oligonucieotide hybridiza-
ducted continuously. In one embodiment of an auto- tions other than those intended are not sell<catalytic
mated process, the reaction may be cycled through a {except in rare instances) and thus accumulate ar a linear
denaturing region. a reagent addition regioh, -and a rate.
reaction region. In another embodiment, the enzyme The specific sequence to be amplified, (S]. can be
used for the synthesis of primer extension products can 25 depicied diagrammaucally as:

[S*) S AAAAAAAAAAXXXXXXXXXXCCCCCCCCCE
[S™) ¥ TTTTTITTTTYYYYYYYYYYGGCGGCGSGS §
The apprommiate oliponeciconde primen weuld be:

Primer I: GGGGGCGGGG

Primer 2: AAAAAAAAAA

30 that if DNA coawinmg [S]
- - « 2RI TITIIIIA AAA AAAAAAXX X XXX XXXXOCCCCCCCCCreerrrreeerye . . .

s 2oy T T TN LTI T T LY YYYYYYYYYGGCCG GG OO GG usrnrerreasrs . . .

be immobilized in 2 column. The other reaction compo- is scparated into single strands and its single strands are
nents can be continuously circulated by a pump through 40 hybridized to Primers | and 2, the following extension
the column and a heating coil in series; thus the nucleic reactions can be catalyzed by DNA polymerase in the

acids produced can be repeatedly depatured without presence of the four deoxyribosucleoside triphosphates:
inactivating the enzyme.

b} s
extends €< GCGGGGGGGG Prirmer |
... RIIZZLZIIVITIAAAAAAAAAAX X XXX XX XX CCCCCCCCCCruinimrxyery . . .

original iemplate siraod ¢

ongnal template strand =
v trzzererern TTTT I I T T TTYYYYYYYYYYCGOCOCGOOOGOiaramareses . ..

Promer I AAAAAAAAAA S catends
5 ¥y

The present invention is demonstrated diagrammati- On denaturation of the two duplexes formed. the prod-
cally below were double-stranded DNA conutaining the ucts are:

. 5
.). 22wt TTTTTTTTTTYYYYYYYYYYGGGCGGGGGGO
fnewly synthaized lung produat |

s ¥
.. anmrrrrnaIAAAAAAAAAAXXXXXXXXXXCCCCCCCCCOmunnrunal . . -

onginal iemplate strand ©
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) -continued
-

«

B T T T T T TTTTTY VY YYY Y YY YCCGOOGOGCCCunnurming . . .

wriginal temMNan surang

<

aewly svaiheugcy lang prdduct 3

Il these four strands are allowed to rehybridize with

Primers | and 2 in the next cycle. inducing agent will 10

catalyze the following reactians-

Primer 2 ¥ AAAAAAAAAA

AAAAAAAAAAXNNXNXXXXX CCCCCCCCCCarxoxzirmarrasa

r

Numocr of Doubie Siranas
Aftes 016 n Cycien

~ o

-
Yoo mnarernnzazer: T T T T TTTTTTYYY YYYYYYYGCGCGCGCCGSC §

newly synthesued long product |

<
extendy

5. BRIIRDIAAAAAAAAAAXXXXXXXXXXCCCCCCCCC
original templase strand ¢

Prmer 2

w) herc

CCCCGCGTCC § Primer ¢
Crzrrzrmazrsr ... ¥

3 AAAAAAAAAA

}M

r.o.. znnzuxunnuxTTTﬁTTTTTY\'YYWYYYYGGCGGGGGGGM:: R

original temnplate strang =

ctends 10 here <

OCGGGCGAGGO §° Prumer |

s AA_AAAAAAMXXXXXXXXX.XCCCCCCCCCCm LY

newly synibesized long product 2

If the strands of the above four duplexes are separated,
the following strands are found:

T AAAAAAAAAAX XX XXX XX XXCCCCCCTCCC ¥
aewly synthaized {S*) :

J ... 2znmrvrarreeey

firn cycle systhesizad long product |

¥

GGGGGGGOGG &

TTTITTITTITYYYYYYYYYYGCGGGGGGGGG §

ne;l; synthesized long product |

b S IO ZOIAAAAAAAA A AXXX XXX XXX XCCCOCCCCCCansrns . .. ¥

original template urand+

5" AAAAAAAAAAXX XXX XXX XXCCCCOCOCCCorrr s rrezres . .

ncwly synthaized long product 2

y.o.. WWYMWWGGGWGGGGGW ... 5

original tempiste strand =

3 TH‘ITTWYYYYYYYYYGGGGGGGGGG s
oewly synthaized [S=}

s AAAAAAAAAAXX XXX XXX XX COCCCCCOCCrzrarreesrrrees . . .

firmn cycle syathesized long prodect 2

It is seen that each strand which terminates with the
oligonucleotide sequence of one primer and the comple-
mentary sequence of the other is the specific nucleic
acid sequence (S] that is desired 10 be produced.

The steps of this process can be repeated indefinitely,
being limited only by the amount of Primers | and 2,
inducing agent and nucleotides present. The amount of
original nucleic acid rerains constant in the entire pro-
cess, because it is not replicated. The amount of the long
products increases linearly because they are produced
only from the original nucleic acid. The amount of the
specific sequence increases exponentially. Thus, the
specific sequence will become the predominant species.
This is illustrated in the following table, which indicates 65
the relative amounts of the species theoretically present
after n cycles, assuming 100% cfliciency at each cycle:

35

60

Long Specific

Cycle Number Template Prod Seq (S)
¥
¥

0 ! - -

] 1 1 L]

2 1 2 i

) 1 ) 4

s t s 26

10 t 10 {19}

13 1 13 L7182

0 1 20 1.048,538

n 1 n 2%-n-1)

When s single-stranded nucleic acid is utilized as the
template, only one long product is formed per cycle.

The method heran may be utilized to clone s particu-
lar nucleic acid sequeance for insertion into a suitable
expression vector. The vector may then be used to
transform an appropriate host organism to produce the
gene product of the sequence by standard methods of
recorabinant DNA technology. L.

In addition, the process herein can be used for in vitro
mutagenesis. The oligodeoxyribonucleotide primers
need not be exactly complementary to the DNA se-
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auence which i being amplificd. 1t s only nevessary
thai they be able tn hydridizs 10 the sequence suffi-
cientiv well 10 be etiznded by the polymerase enzyme
or by whatever ather inducing 3agent » empioyed. The
procuct of 3 polvmerase chain reaction wheremn the
pnmers emplaved are not exactly ccmpiementary to the
onginil template will coniain the sequence of the
primer rather than the lemptate. theredy introducing an
in vitzo mutation. in further cycles this mutation will be
amplified with an undiminished efficiency because no
further muspaired primings are required. The mutant
thus producsd may be inserted into an appropriate vec-
tor by standard molecular biological techniques and
might confer mutant properties on this vector such as
the peteanal for production of an altered protein.

The process of making an altere¢ DNA sequence as
gsscribed above could be repeated on the altered DNA
using different primers so as to induce further sequence
changes. In this way a series of mutated sequences
could gradually be produced wherein each new addi-
ton to the series could differ from the last in a minor
way, but from the onginal DNA source sequgnee in an
increasingly major way. In this manner changes could
be made uitimately which were not feasidie in a single
step due t0 the nability of a very seriously mismatched
primer to function.

In addition, the primer can contain as part of its se-
quence a noncomplementary sequence provided that a
sufficient amount of the primer contains a sequence
which is complementary to the strand to be amplified.
For example. a nucleotide sequence which is not com-
plementary to the 1emplate sequence (such as, eg., a
promoter, linker, coding sequence, etc.) may be at-
tached at the 5" end of one or both of the primers, and
thereby appended 0 the product of the amplification
process. After the extension primer is added, sufficient
cycles are run 10 achieve the desired amount of new
template containing the non-complementary aucleotide
insert. This allows production of large quantities of the
combined fragments in a reladvely shont period of time
(e.g.. two hours or iess) using a simple technique

The method herein may also be used to enabie detec-
tion and/or characterization of specific nucleic acd
sequences associated with infectious diseases, genetic
disorders or cellular disorders such as cancer. Amplifi-
cation 1s useful when the amount of nucleic acid avail-
able for analysis is very small, as, for example, in the
prenaual diagnosis of sickle cell anemia using DNA
obtained from fewal cells. Amplification is panicularly
useful if such an analysis is to be done on a small sample
using non-radicactive detection techaiques which may
be inherently insensitive, or where radioactive tech-
niques are being employed but where rapid detection is
desirabie.

For purposes of this invention genetic diseases may
include specific deletions and/or mutations in genomic
DNA from any organism, such as, e.g., sickle cell ane-
mia, cystic fibrosis, a-thalassemia, 8-thalassemia, and
the like. Sickle cell anemia can be readily detected via
oligomer restriction analysis or a RFLP-like analysis
following amplification of the appropriaic DNA se-
quence by the present method. a-Thalassemia can be
detected by the absence of a sequence, and B-thalas-
semia can be detected by the presence of a polymorphic
restriction site closely linked to a2 mutation which causes
the disease.

All of these genetic diseases may be detected by am-
plifying the appropriate sequence and analyzing it by
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Southern blats withay uuag ragiausiive proves. ]n.
Suzh g process. for example. a smy!l samnie of DN o
from. e z.. amniouce Nug CCRLINILG 3 very 10w 1eve; of
the Cesiree tequence i« ampiiited. cut with 3 T=tficuon
€nyms. ang angiyzed wviz 3 Southern bioting tech.
nique. The use of nen-rudicacuve Praces o facihigies
by the high levei of the ampliiies signal.

In another embadiment a smail sample of DN A mav
be amplified 10 2 conveaient leve! and then 3 further
cycle of extension reacuions periormed whesein nucleo-
tide derivanives which are readily detsciabie (such as
*3P-labeled or biotin labeled nucicosice tr:nosphates)
are incorporated directly into the final DNA procuct,
which may be anaiyzed by restricuor and eieciropho-
reuc separation or any other appropriatz method. An
exampic of this technique in a2 modsl svsiem 1s demon-
strated in FI1G. §.

In a further embodiment. demonstrate in a mcde!
system in FIG. 3. the aucleic acic may be exposed 10 a
p_anicular restriction endonuclease prior to amplifica-
tion. Since a sequence whick has been cut cannot be
amplified. the appearance of an amplified fragment,
despite prior restriction of the DNA sample. implies the
absence of a site for the endonuclease within the ampli-
fied sequence. The presence or absence of an amplified
sequence can be detected by an appropnate method.

A practical application of this technique can be illus-
trated by its use in facilitating the detecuon of sickle cell
anemia via the oligomer restriction technique described
herein and in copending U.S. applicarion Ser. No.
716982 to Erlich et al. entitled ““Method For Detection
of Polymorphic Restriction Sites and Nucleic Acid
Sequences™ filed Mar. 28, 198S. Sickle cell anemia is a
hemoglobin disease which is caused by a single base pair
change in the sixth codon of the 8-globia gene. FIG. 6
illustrates the sequences of normal and sickie cell 8-
plobia genes in the region of their polymorphism,
where the single bars mark the location of a Ddel site
present only in the normal gene and where the double
bars mark the location of a Hinfl site which is non.
polymorphic and thus present in both the normal and
sickle cell alieles. FIG. 7 illustrates the process of oligo-
mer restriction of normal 3-globin DNA usiag a probe
spanning both restriction sites and labeled where the
asterisk appears. The DNA, amplified as provided
herein, is denatured and anncaled to the labeled probe
The enzyme Ddel cleaves the DNA at the reformed
Ddel site and generates a labeled octamer. Under the
conditions used in the test the octamer is short enough
to dissociate from the duplex. The subsequent addition
of the enzyme Hinfl has no effect on the now single-
stranded octamer. FIG. 8 illustrates the same proces
applied to the sickle cell allele of 8-globin DNA. The
enzyme Ddel cannot cleave the duplex formed by the
amplified DNA and the labeled probe because of the
A—A base pair mismatch. The enzyme Hinfl, however,
does resuict the hybrid and a labeled tnmer is pro~
duced. In practice the method can diagnose the DNA_of
an individual as being either homozygous for the wild
type. homozygous for the sickle type or a heterozygous
carrier of the sickle cell trait, since a specific signal is
associated with the presence of cither allele. Use of this
above-described method to amplify the perunent se-
quence allows for 2 rapid analysis of a single copy gene
using a probe with only a single 3P label.

Various infectious diseases can be diagnosed by the
prosence in clinical samples of specific DNA‘ sequences
characteristic of the causauve microorganism. These
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include dacieriy. such ax Saimonella. Chlamydia. and
Neisseria: viruses. sueh a3y the henatis vieyses: and
Protnzoan parasites. such as the Plasmadium responsi-
ble for malaria. U.S. Pyi. No. 4.358.535 issued 10 Fal-
kow describes the use of specific DNA hybnidizauon §
probes for the diugnosis of njecrious dneases A prab-
iem twherent in the Falkow procedure s that a rela-
tively small number of pathogenic organisms may be
present i 2 chinical sample from an infected patient and
the DNA cxtracied from these may consutute only a o
very small fracuon of the to1a) DNA in the sampie.
-Specific amplification of suspecied sequences prior to
immobiiization and hvbridization detection of the DNA
sampies could greatiy improve the sensitivity and speci-
ficity of these procedurss. 1$

Routine clinical use of DNA probes for the diagnosis
of infectious discases would be simplified considerably
il non-radioactively labeled probes could be employed
as described in EP 63.879 10 Ward. In this procedure
biotincontaining DNA probes are detected by chromo- 20
genic enzymes linked 1o avidin or biotin-specific anti-
bodies. This type of detection is convenient, but rela-
tively insensitive. The combination of specific DNA
amplification by the present method and the use of
stably labeled probes could provide the convenience 3¢
and sensitivity required (0 make the Falkow and Ward
procsdures useful in a routine clinical setting.

The amplification process can also be utilized to pro-
duce sufficient quantities of DNA from a single copy
human gene such that detection by a simple non-specific 39
DNA stain such as ethidium bromide can be employed
50 as 1o make a DNA diagnosis direcily.

In addition (0 detecting infectious discases and patho-
logical abnormalities in the genome of organisms, the
process herein can also be used to detect DNA poly- 35
morphism which may not be associated with any patho-
logical state.

The following examples are offered by way of illus-
tration and are not intended in limit the invention in any
manner. ln these examples al) percentages are by weight 4
if for solids and by volume if for liquids. and all temper-
atures are in degrees Celsius unless otherwise noted.

EXAMPLE 1
A 25 base pair sequence having the nucleotide sequence 4s
5" CCTCGGCACCGTCACCCTGGATGCT 3
3 GGAGCCGTGGCAGTGGGACCT ACGA §

contained on a 47 base pair Fok! resmriction fragment of
PBR322 obuinable from ATCC was prepared as fol- 50
lows. A Fokl digest of pBR322 containing the 47-bp
fragment was produced by digesting pBR 322 with Fokl

in accordance with the conditions suggested by the
supplicr, New England Biolabs Inc. The primers which
were utilized were §° d(CCTCGGCACCG) 3" and §' 33
d(AGCATCCAGGGTG) 3', and were prepared using
conveantional techniques. The following ingredients
were added to 33 ul of buffer which consisted of 25 mM
potassium phosphate, 10 mM magnesium chioride and
100 mM sodium chioride at pH 1.5: 2433 pmoles of each 60
of the primers described above, 2.4 pmoles of the Fokl
digest of pBR322, 12 nmoles of dATP, 22 nmoles of
dCTP. 19 amoles of dGTP aad 10 amoles of TTP.

The mixture was heated 1o 85° C. for five minutes and
allowed to cool to ambient temperature. Five units of 65
the Klenow fragment of E coli DNA polymerase 1
were added and the temperature was maintained for 15
minutes. After that time, the mixture was again heated

16

o 85° C. far five minygex and allowed 1o cco;.
units of the Kicnow {ragment were 33
Teuction was carnied oyt for 1S mun

Flve
3N 3¢32L and the
. utes. The heaun;,
¢ooling ang synthess Steps were repeated eleven more
times.

After the final repciiton. 3 Sul aliquot was removed
from the reacuion Muxtuee. This was heaied 10 89° C. for
three minutes and allowed 10 coal 10 ambisnr tempera.
ture. 125 pmoles of a-Pildeoxycvidine triphosphate
and 5 units of Klenow fragment wers aZced and the
reaction was aliowed 10 proczed for !5 minites. The
labeled producis were examined by polyacryiamide gel
cleqrophoresis. The Fokl digest was labeied in 3 simiiar
fashion and served as a control and molszular weigh:
markers. The only heavily labeled band visible afier the
1) cycies was the intended 25 base pair sequence.

EXAMPLE?

The desired sequence 1o be amplified was 2 94 base
pair sequence contained within the human bew-globin
gene and spanning the Mstl] site involved in sickie cell

anemia. The sequence has the nucleatide sequence
shown in F1G. 1.

I. Syathesis of Primers

The following two oligodeoxyribonucleotide primers
were prepared by the method described below:

5" CACAGGGCAGTAACG 3 Primer A
and

53" TTTGCTTCTGACACA 3 Primer B

Automated Synthesis Procedures: The diethylphos-
phoramidites, synthesized accordisg to Beauvcage and
Caruthers (Tetrahedron Letters (1981) 22:1859-1862),
were sequentially condensed 10 a aucleoside derivatzed
controlied pore glass support using 2 Biosearch SAM.1.
The pracedure included detritylation with trichloroace-
tic acid in dichloromethane, condensation using benzo-
triazole as activating proton donor, and capping with
acetic anhydride and dimetbylaminopyridine in tetrahy-
drofuran and pyridine. Cycle time was approximately
30 minutes. Yields at each step were essentially quanti-
tative and were determined by coliection and spectro-
scopic examination of the dimethoxytrityl alcoho! re-
leased during detritylaton.

Oligodeoxyribonucleotide Deprotection and Purifi-
cation Procedures: The solid support was removed
from the column and exposed 10 | mi concentrated
ammonium hydroxide at room temperature for. four
hours in a closed tube. The suppont was then removed
by filtration and the solution conuining the pardally
protected oligodeoxyribonucleotide was brought to §5°
C. for five hours. Ammonia was removed and the resi-
due was applied-to a preparative poiyacrylamide gel.
Electrophoresis was carried out at 30 volis/cm for 90
minutes after which the band conuining the product
was identified by UV shadowing of a fluorescent plate
The band was cxcised and cluted with 1 mi distilled
water overnight at 4° C. This solution was applied to an
Altech RP18 column and eluted with a 7-139% gradient
of acetonitrile in 19 ammonium acetate buffer at pH
6.0. The elution was monitored by UV sbsorbance a
260 nm and the appropriate fraction collected, quanti-
tated by UV absorbance in a fixed volume and evapo-
rated to dryness at room temperature in a vacuum cen-
tafuge. )

Chanacterization of Oligodeoxyriboaucleotides: Test
aliquots of the purified oligonucleotides were NP la-
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bele? with polvnyctennde kinase and Y-**P-ATP. The
labeic. cUmMpounds were examined by autoradiagraphy
of 14-20% paiyucryiamide geis afier electrapharess for
45 minutes at 30 volhis/em. The procedure venlies the
moieciiar weight. Buse compasition was determined by
cigzstion of the oligodenxyribonucieatide to nuclea-
sides by use of venum dicsteruse and bacterial ulkaline
phosphatase and subsequent separation and quantitation
of the aerived nucleosides using 1 reverse phase HPLLC
column and a2 10% aceiunurile. 1% ammanium acetate
mobiie phase.

11. Source of DNA

A. Exirzcuion of Whole Human Wild-Type DNA

Humaa genomic DNA homozygous for normal 8-
tlobin was extracted from the cell line Moli4 (obtained
from Human Genetic Mutant Cell Repository and iden-
tified as GM2219¢) using the technique described by
Stetler et al. Proc. Nar Acod. Sci USA (1982),
79:5966-5970.
B. Construction of Cloned Globin Genes

A 1.9 kb BamHI fragment of the normai.B8-globin
gene was 1solated from the cosmid pFC11 and inserted
into the BamHI site of pBR328 (Soberon. et al.. Gene
(1980) 9:287-305). This fragment. which encompasses
the region that hybndizes to the synthetic 40-mer probe,
includes tne first and second exons. first intron, and §°
flanking sequences of the gene (Lawn et al., Cell (1978),
15:1157-1174). ° This  clone  was  designated
pBR328:HbAand deposited under ATCC No. 39,698 on
May 25, 1984

The corresponding 1.9 kb BamHI fragment of the
sickle cell allele of 8-globin was isolated from the cos-
mid pFC12 and cloned as described above. This clone
was designated pBR322:HbS and deposited under
ATCC Nc. 39.699 on May 25, 1984.

Each rezombinant plasmid was transformed into and
propagatec in E. coli MM294 (ATCC No. 39.607).
C. Digestion of Cloned Globin Genes with Mstll

A total of 100 ng each of pBR3I2S:HBA and
pBR328:HES were individually digested with 20 units
of Mstll (New England Biolabs) for 16 hours at 37° C.
in 200 ul of 150 mM NaCl, 12 mM Tris HCI (pH 7.5), 12
mM MgCl;, | mM dithiothreitol (DTT). and 100 pg/ml
bovine serum albumin (BSA). The products are desig-
nated pBR328:HbA/Mstll and pBR328:HbS/Mstll,

respectively.

[1l. Polymerase Chain Reaction

To 100 p: of buffer consisting of 60 mM sodium sce-
tate, 30 mM Tris acetate and 10 mM magnesium acetate
at pH 8.0 was added 2 pul of a solution coataining 100
picomoles of Primer A (of the sequence d(CACAGG-
GCACTA~£CG)), 100 picomoles of Primer B (of the
sequence d(T T TBCTTCTGACACA)) and 1000 pico-
moles each of dATP, dCTP, dGTP and TTP. In addi-
tion, one of the following sources of DNA described
above was added:

10 ug whole human wild-type DNA (Reaction I)

0.1 picomole pBR328:HbA (Reaction I])

0.1 picommole pBR328:HbS (Reaction 1)

0.1 picomcie pBR3I28:HbA/Mstll (Reaction IV)

0.1 picomole pBR328:HbS/Mstll (Reaction V)
No target DNA (Reaction V1)

Each resulung solution was heated to 100° C. (or four
minutes and aliowed to cool to room temperature for
two minutes. whereupon | ul containing four units of
Kienow fragment of E coli DNA polymerase was

w

20

18
added. Each reacton was sliowed 1o proceed for 1o
munuiles. after which the cvele of 4ading tne prm-,g-:
nucicoudes and DNA., heauing. cooling. aauin- pm:.
Merase. 4nd reacung was repeated nineteen nr;a rér
Reacuan 1 and four time for Reactions 11-V].

Four microiiter aliguots of Reactions | gnd i1 re.
maved before the first cyciz and after the fast cycle of
€ach reaction were applied 10 2 12% poivacrylamide
gl 0.089M in Tris-barate buffer at pPHE8Jand 1S mMm
in EDTA. The get was eiccirophorssed at 25 voits/em
for four hours. transferr=2 102 nylon membdrane servina
as solid phase suppon and prooed with 3 5'--‘3P-Iab:ie;
40 bp synthetic fragment, prepared by standard tech.
niques, of the sequence
SdTCCTGAGGAGAAGTCTGCCGT-
TACTGCCCTGTGGGGCAAG)Y

in J0% formamide. 3X SSPE. $XDenhardt's, $% so
dium dodecy! sulfate at pH 7.4. FIG. 215 an autoradio-
graph of the probed nylon membrane for Reactions |
and I1. Lane 1 is 0.1 picomole of a 38-bp synthetic frag-
ment control one strand of which is complementary to
the above probe. Lane 2 is 4 ul of Reaction | prior 1o the
first amplification cycle. Lane J is 4 m! of Reaction |
after the 20th amplification cycle. Lane 4 is 4 ul of
Reaction 11 after five amplification cycles Lane § is a
molecular weight standard consisting of a3 Fokl (New
England Biolabs) digest of pBR322 (New England Bi-
olabs) labeled with aipha-32P-dNTPs and polymerase.
Lane 3 shows that after twenty cycles the reaction
mixture | contiined a large amount of the specific se-
quence of the proper molecular weight and no other
detectable products. Reaction mixture 11 after five cy-
cles also contained this product, as well as the starting
nucleic acid and other products, as shown by Lane 4.
To 5.0 u! aliquots of Reactions 11-V1 after the fourth
cycle were added 5 pmoles of each primer described
above. The solutions were heated to 100° C. for four
minutes and allowed to equilibrate to room tampers-
ture. Three pmoles each of alpha-3:P-dATP, alpha-33P-
dCTP, alpha-32P-dGTP and alpha-32P-TTP and four
units of Klenow fragment were added. The reaction, in
a final volume of 10 ul and at the salt concentrations
given above, was allowed 10 proceed for 10 minutes.
The polymerase activity was terminated by heating for

- 20 minutes at 60° C. Four ul aliquots of Reactions [I-V1

60

(V)

were loaded onto a 12% polyacrylamide gel 0.089M in
Tris-borate buffer at pH 8.3 and 2.5 mM in EDTA. The
gel was electrophoresed at 25 volts/cm for four bours
after which autoradiography was performed.

FIG. 3 is an autoradiograph of the elecropboresic
Lane | is 2 molecular weight standard, Lane 2 is Reac-
tion I, Lane 3 is Reaction IIl. Lane 4 is Reaction IV
and Lane Sis Reaction V. Agother lane for Reacrion VI
with no DNA as control had no images in any of the
lanes It can be seen from the figure that the 94—-bp
fragment predicted from the target DNA was present
only where intact 8-globin DNA sequences were avail-
able for amplification, i.e.. pBR328: HbA (Lanc 2),
pBR328: HbS (Lane 3) and pBR328: HbS/Mstll (Lane
S). Mstll digestion cuts pBR328: HbA in the 94-mer
sequence rendering it incapable of being amplified, and
the 94-mer band does not appear in Lane 4. In contrast,
the 94-mer sequence in pBR128: HbS does not cut when
the plasmid is digested with Mstl] and thus is available
for amplification as shown in Lane S.

FIG. ¢ illustrates the chain reaction for three cycles
in amplifying the 94-bp sequence. PCOI and PCO2 are
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Primen A ang B The numners on the nghe indicaie the
- Cycles. whereas the numoers on the lef) indiciates the

Cyclc number in which 3 parucular molecyle was pro-
duced.

EXAMPLE 3

This example Hlustraiex amplification of 3 110 bp
sequence spanning the allelic Mstll site in the human
hemogiobin gene.

A total of 1.0 microgram whole human DNA. 100
picomoles D(ACACAAC’TGTGTI'CACTAGC) and
100 picomoies (dCAACTTCATCCACG'lTCACC).
the primers having besn Prepared by the technique of
Example 2. were dissolved in 100 4! of a solution which
Wwas:

1.5 mM in each of the four deoxyribonucleoside tri-

phosphates

30 mM in Tris acetate bufTer ar pH 7.9

60 mM in sodium acetate

10 mM in magnesium acetate

0.25 mM in dithiothreitol

The solution was heated 1o 100° Y
and brought rapidiy to 25° C. for one minute. afier
which was added 2.5 units Klenow fragment of DNA
polymerase. The polymerase reaction was allowed 1o
proceed for two minutes at 25° C., after which the cycle
of heating, cooling, adding Klenow, and reacting was
repeated as often as desired.

With a2 70% efliciency at each cycle, 1S cycles re-
sulted in the synthesis'of .4 femtomoles of the desired
110 bp fragment of the B-globin gene.

EXAMPLE 4

This example illustrates amplification of a 240 bp
sequence spanning the allelic Mstll site in the human
hemoglobin gene. This sequence contains Neol, Hinfl
and Mstll restriction sites.

To 100 ul of a mixture of 60 mM sodium acetate, 30
mM Tris acetate and 10 mM magnesium acetate at pH
8.0 containing 0.1 pmole PBR328: HbA was added 2 pofl
Solution A containing:

100 pmoles d(GGTTGGCCAATCTACT: CCAGQG)

primer _

100 pmoles

CAACCTGCCC) primer

1000 pmoles each of dATP, dCTP, dGTP and TTP

The two primers were prepared by the technique
described in Example 2. The solution was heated to
100° C. for four minutes and allowed to cool in ambient
air for rwo minutes, after which was added | ul contain-
ing four units Klenow fragment of £ it DNA poly-
merase. The reacton was aliowed to proceed for 10
minutes after which the cycle of solution A addition,
heating, cooling, adding polymerase, and reacting was
repeated three imes. To 2 $.0 ul aliquot of the reactions
was added S picomoles of each oligonucleotide primer
described above. The solution was heated to 100* C. for
four minutes and allowed to come to ambient tempera-
ture, after which 3 picomoles each of the alpha-J2p.
labeled deoxyribonucleoside triphospbates and 4 units
Klenow fragment were added. The reaction, in a final
volume of 10 u!l and at the sali concentrations given
above, was allowed 1o proceed for 10 minutes. The
polymerase activity was terminated by heating for 20
minutes at 60° C. Two ul aliquots were digested with
Neol, Mstll, or Hinfl and loaded onto a 129, polyacryl-
amide gel 0.089M in Tris-borate buffer at pH83and 2.5
mM in EDTA. The gel was electrophoresed at 2§

C. for one minute

d(TAACCTTGATAC.-

20

45

0

6

w
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valis/em lor four hayes snd autoradiography wgq Per.
formed. FIG. § illustrates tne dutoradiogruph of the
elecirophoresis. were Lane 1 is the moiecyl
$tanaurc. Lane 2 13 withaut gigesuon witn STIyme (249
bp intaet). Lane 3 s digasuon with Ncol (13 and 109
bp). Lanc 4 o digestion with Mstl (149 and 9] bp). and
Lane 5 is aigestion with Hinfl (143 and 96 pp). The
autoradiograph is consstent with the amplification of
the 240 bp sequence.

EXAMPLE §

This examplie illustrates use of the process herein
detect sickie cell anemia by sequential digestign.

AN weish;

to

Synthesis an¢ Phosphorylation of
Oligodeoayribonucieotides

A labeled DNA probe, RS06. of the sequence
5 'CTGACTCCTGAGGAGAAGTCTGCCGT
TACTGCCCTGTGGG ¥
where * indicates the label, and an uniabeled blocking
oligomer, RS10, of the sequence:
) GACAGAGGTCACCTCTTCAGACG-
GCMTGACGGGACACCC 5

which has three pair mismatches with RS06 were syn.
thesized according to the procedures provided in Eix.
ample 2(1). The probe RS06 was labeied by contacting
five pmole thereof with 4 units of T4 polynucleotide
kinase (New England Biolabs) and S0 pmole y-3:P-ATP
(New England Nuclear, about 7200 Ci/mmole) in 3 40
pl reaction volume containing 70 mM Tris buffer (pH
7.6), 10 mM MgCl, 1.5 mM spermine, and 2.5 mM
dithiothreitol for 90 minutes at 37° C. The toual volume
was then adjusted to 100 ui with 25 mM EDTA and
purified according to the procedure of Maniatis et al.,
Molecular Cloning: A Laboratory Manual (New York:
Cold Spring Harbor Laboratory, 1982), pp. 464465
over a | ml Bio Gel P4 spin dialysis column from Bio-
Rad equilibrated with Tris-EDTA (TE) bufTer (10 mM
Tris buffer, 0.1 mM EDTA, pH 8.0). The labeled probe
was further purified by electrophoresis on a 189, poly-
acrylamide gel (19:1 acrylamide:BIS, Bio-Rad) in Tris-
boric acid-EDTA (TBE) bufTer (89 mM Tris, 89 mM
boric acid, 2.5 mM EDTA. pH 8.3) for 500 vhr. After
localization by autoradiography, the portion of the gel
containing the labeled probe was excised, crushed and
eluted into 0.2 ml TE buffer overnight at 4* C. TCA
precipitation of the reaction product indicated that the
specific activity was 4.9 Ci/mmole and the final concen-
tration was 20 pmole/ml. :

The uniabeled RS10 blocking oligomer was used st a
concentration of 200 pmole/ml.

Isolation of Human Genomic DNA from Cell Lines

High molecular weight genomic DNA was isolated
from the lymphoid cell lines Moltd, SC-1 and GM2064
using essenually the method of Stetler et al., Proc. Natl.
Acad. SC1. USA (1982), 79, 5966~-5970 (for Molt4) and
Maniatis et al., Molecular Cloning: A Laboratory Man-
val (New York: Cold Spring Harbor Laboratory, 1982),

. 280-281 -
ppMol(4 (Human Mutant Cell Repository, GM2219C)
is a T cell line homozygous for normal B-globin.. and
SC-1, deposited with ATCC on Mar. 19, 198S, is an
EBV-transformed B cell line homozygous for the sickle
cell allele GM2064 (Human Mutant Cell Repqst_tory.
GM2064) was originally isolated from an individusl
homozygous for hereditary persistance of fetal hemo-
globin (HPFH) and conuins no beta- or delta- globin
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2ene seyucaces All
RPMI-1640 with 10%a

cell hinex were maintained in
feral ealf serum.

Isolation of Human Genomic DNA from Clinical Binod
Sampiesx

A clinicat blood sampie designated CHI2 from o
known sickle cell carrier (AS) was obtained from Dr.
Bertram Lubin of Children's Hospital in Oakland. Calif.
Genomic DNA was Prepared from the buffy coat frac-
tion. which is composed Pfimarily of peripheral blood
lymphocytes. using a modification of the procedure
descrioes by Nunberg et al., Prec. Nat. Acad. Sci.
U.S.A.. 75, 5553-5556 (1978). .

The cells were resuspended in § mi Trs-EDTA-NaCl
(TEN) buffer (10 mM Tris buffer PH 8. | mM EDTA.
10 mM NaCl) and adjusted 1o 0.2 mg/ml proteinase K.
0.5% SDS. and incubated ovemnight at 37° C. Sodium
perchlorate was then added 1o 0.7 M and the ysate
gently shaken for 1-2 hours a1 room temperature. The
lysate was extracted with 3 ml phenol/chloroform
(1:1), then with 30 mi chloroform, and followed by
of the nucleic acids. The pellet
m! of TE buffer and RNase A
added to0 0.005 mg/mi. After digestion for one hour at
37" C.. the DNA was extracted once each with equal
volumes of phenol, phenol/chlareform, and chloro-
form, and cthanol precipitated. The DNA" was resus-
pended in 0.5 ml TE buffer and the concentration was
determined by absorbance at 260 nm.

Polymerase Chain Reaction to Amplify Selectively
B-Globin Sequences

Two micrograms of genomic DNA was amplified in
an initial 100 u! reaction volume containing 10 mM Tris
buffer (ph 7.5), 50 mM NacCl, 10 mM MgCly, 150 pmole
of Primer A of the sequence d(CACAGGGCAC-
TAACG). and 150 pmole of Primer B of the sequence
d(CTTTGCTTCT GACACA) and overlayed with
about 100 ul mineral oil to prevent evaporation.

Each DNA sample underwent 15 cycles of amplifica-
tion where one cycle is composed of thres steps:

(1) Denature in a heat bjock set at 95° C. for two min-
utes.

(2) Transfer immediately to a heat block set at 30° C. for
two minutes to allow primers and genomic DNA to
anncal, :

(3) Add 2 ul of a solution containiag S units of the
Klenow fragment of E. colj DNA polymerase | (New
England Biolabs), | nmole each of dATP, 4dCTP,
dGTP and TTP, in a bufler composed of 10 mM Tris
(pH 7.5), 50 mM NaCl. 10 mM MgCli. and 4 mM
dithiothreitol. This extension reaction was allowed to
proceed for 10 minutes at 30° C.

After the final cycle, the reaction was terminated by
heating at 95° C. for two minutes. The mineral oil was
extracted with 0.2 m! of chloroform and discarded. The
final reaction volume was 130 nl

Hybridization/Digestion of Amplified Genomic DNA
with Probes and Ddel/Hinfl

Forty-five microliters of the amplified genomic DNA
was ethanol precipitated and resuspended in an cqual
volume of TE buffer. Ten microliters (conuining the
pre-amplification equivalent of 154 ng of genomic
DNA) was dispensed into a 1.5 m! Microfuge tube and
20 ul of TE buffer 10 a final volume of 30 ul. The sam-
ple was overlayed with mineral oil and denatured at 95°
C. for 10 minutes. Ten microliters of 0.6 M NaCl con-
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tatning 0.02 pmole of taheicd RS06 prope was addeg (q
the tude. mized gently, and immegiarely trarsferred (o "
56" C. heat block for ane hour. Four microlyen of
unladelec RS10 blocking oligomer (0.8 PMOIe) way
added and the hybridizanon cantinued for an additiony
10 minutex at the tame temperature. Five microliter of
60 mM MgCis/D.15 BSa and | ul of Ddel (10 unis,
New Engiand Bioiabs) were adced and the reanneqjeg
DNA wus digesied for 30 minutes at 56° C. One microl;.
ter of Hinfl (10 units. New Engiand Biolabs) was then
added and incubaied for another 30 minutes. The reac.
tion was stopped by the addition of 4 ul 75 mM EDTA
and 6 ul tracking dye 10 3 final volume of 61 g

The mineral oil was extracted with 0.2 ml zhlgro.
form. and 18 ul of the rezcuon mixture (45 ng genomic
DNA) was loaded onto a 30% polyacrylamide mini-gel
(19:1. Bio-Rad) in a HoefTer SE200 apparatus. The gel
was electrophoresed ar approximately 300 volts for one
hour until the brompheno! blue dyc front migrated 10
3.0 em offorigin. The op of 1.5 cm of the ge! was re.
moved and the remaining gel was exposed for four days
with one intensification screen at -70° C.

Discussion of Autoradiograph (FIG. 9)

Each lane contains 4§ ng of amplified genomic DNA_
Lane A contains Moli4 DNA: Lane B, CHI2; Lane C,
SC-1; and Lane D, GM2064. Molt4 represents the geno-
type of a normal individual with two copies of the 84
gene per cell (AA), CHI2 is 2 clinical sample [rom a
sickle cell carrier with one 8 and one BS gene per cell
(AS), and SC-1 represents the genotype of a sickle cell
individual with two copies of the 35 gene per cell (SS).
GM2064, which contains no beta- or delta-giobin se-
quences, is present as a negative control.

As seen in the autoradiogram, the Ddel<leaved,
BA-specific octamer is present only in those DNA's
containing the 84 gene (Lanes A and B), and the Hinf].
cleaved, BS-specific trimer is present only in those
DNA's containing the 85 gene (Lanes B and O). The
presence of both trimer and octamer (Lar= B) is disg-
nostic for a sickle cell carrier and is distinguishabie from
2 normal individual (Lane A) with only octamer and 3
sickle cell afflicted individual (Lane C) with only ui-
mer.

As 2 comparison, repeating the experiment described
above using noo-smplified genomic DNA reveaied that
the amplification iscreased the sensitivity of detection
by at least 1000 fold.

EXAMPLE 6

This example illustrates direct detection of a totally
unpurified single copy gene in whole human DNA oa
gels without the need for a labeled probe.

Using the technique described in Example 3, a 110-bp
fragment from a sequence in the first exon of the beta-
globin gene was amplified from 10 micrograms of
whole human DNA after 20 eycles. This 110-bp frag-
ment produced after 20 cylces was easily visualized on
gels suained with ethidium bromide. )

The sequence was not amplified when it was first cut
with the restriction enryme Ddel unless, as n the beta-
globin S allele, the sequence does not contain the re-
SITiction site recognized by the enzyme.

EXAMPLE 7

A. A roul of 100 fmoles pBR 128 containing a 1.9 lkb
insert from the buman beta-globin A allele, 50 nmo sr
each alpha-J12P-dNTP at 500 Ci/mole. and 1 nmole 0
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3 solution contarnng 100 k! 30 mn Thns.acetate a1 rH

7.9. 60 mM sodium acclate, 100 mM dithiothrenol. and

10 mM magnesium scerage, Thix solution was brought

1o 100° C. for two Minutes ang cooled 10 25° C. for ane s

minute. A total of | 4| containing 4.5 units Kicnow
fregment of E. coli DNA Polymenise [ and 0.09 units
Inorganic pyrophosphatase Was added 10 prevent the
possibie build-up of Pyrophosphate in the reaction mix.

ture. and the reaction was allowed (o proceed for two 10

analyzed on a3 149, polyacrylamige 8cl in 90 mM Tris. 15

boraic and 2.5 mM EDTA a: PH 8.3 and 24 volts/cm
for 2.5 hours. The completed gel wag sozked for 20
minutes in the same buffer with the addition of 0.5
#g/ml ethidium bromide, washed with the original

buffer, and photographed in UV light using a red filter. 20

[(l+y)~—yN—l], where N represents the aumber of 25

Sycles and y the fractional yield per eycle, was optimal
with y=0.619. This indicates that a significant amplifi-

tion was performed at §7° C. for one hour. The se-

quence of the | 10-bp product was confirmed by subject. 3s

ing 8 ul aliquots o restriction analysis by addition of |
ul bovine serym albumin (25 mg/ml) and 1 ul of the
i i (Hinfl, Mnll, Mgr,
Neol) and by reaction at 37° C. for 15 hours. PAGE
was performed as described above,

4,683,202

cach of the primers used in Eumpic I were dixsoived in

24
POR122 was used g« tempiate. 200 nmoles o cach
ANTP were used in the 100 4 feacuon. ang the nrs
were:
d(TAGGCGTATCACGAGGCCC'D and
d(C‘lTCCCCATCGGTGATGTCG) 10 produce ,
S00-bp fragmen; from paR322. Reaction time
were 20 mingtes percyciz a1 37° C. Finay rehybrgi.
23ton was 1S hoyg ¢ s C Eiectrophoresis was
on 2 4% agarpge gel.

EXAMPLE o

example llustrates the invenuon
wherein an in vitro mutation is introcuced INO the
amplified segmens.
A. A total of 100 fmoles of pBR322 lineanzed with
Nrul. 1 nmole cach of the primers:
d(CGCATTAAAGmATCGATG) and
d(TAGGCGTATCACGAGGCCCD

men

tion mixture was applied to 2 49, agarose gel visualizad
with ethidium bromide.

B. The experiment described in Example 9A was
repeated except that the oligonucleotide primers em-
ployed were:

d(CGCAT!‘AAAGCTI‘ATCGATG) and

d(M'ITMTACGACI‘ CACTATAAGG.

GAGATAGGCGTATCACGAGGCCCD.
These primers are designed to produce a 101-bp frag-
ment, 26 nucleotides of which (in the sscond Bsted
primer) are not present in pBR322 These nucleotides
represent the sequence of the T7 promoter, which was

EXAMPLE 3

This example illustrates the use of different primers to
amplify various fragments of PBR328 and 322
A. The experiment described in Example 7A was 45
using the following primers:
CA

appended to the 75-bp sequeace from pBR3I22 by using
the primer with 20 complementary bases and 3 26-base
5" extension. The procedure required less than two
hours and produced two picomoles of the relatively
pure 101-bp fragment from 100 fmoles of pBR322.

¢ T7 promoter can be used to initiate RNA tran-
scription. T7 polymerase may be added 10 the 101-bp

CACGTTCACC) 10 produce a 130-bp fragment of fragment to produce singlestranded RNA_

pBR328. C. The experiment described in Example 8D was
B. The experiment described in Example 7A was repeated except that the oligonucieoride primers em-

repcated except using the following primers: ployed were as follows:

d(GGTl"GGCCA.ATCr ACT CCCAGG) and d(T. AGGCGTATCACGAGGCCC'D and

d(TGGTCT CC'ITAAACCTGTC'ITG) to produce a
262-bp fragment of PBR328. The reaction time was 20 $s
minutes per cycle.

d(CCAGCAAGACGTAOCCCAGC)
to produce a 1000-bp fragmen: from pBR322

D. The experiment described in Example 9C was
repeated except that the oligonucleotide primers em-
ployed were as follows:

da(T AGGCGTATCACGAGGCCCT) and

d(AATI‘AATACGACTCACTATAGG-

GAGATAGGCGTATCACGAGGCCCD_

$0 as to produce a 1026-bp fragment, 26 nucleotides of
which (in the second listed priroer) are not praa}t 1
PBRI22 and represent the T7 promoter described
above. The promoter has been inserted adjacent tos
1000-bp fragment from pBR322.

The results indicate that a primer which is not a per-
fect match to the template sequence but which is none-

Was cleaved several times by Mstll but not inside the
sequence to be amplified. In addition, the primers em.-
ployed were a3 follows:
d(GGTI‘GGCCAATCTACTCCCAGG) and
d(TAACCTT GATACCAACCT GCCO) 63
10 produce a 240-bp fragment,
D. The experiment described in Example 7B was
fepeated except that J0g moles of an Nrul digest of
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theiess avie 1o hvbridize sufficiently to be enzymatically
extended produces 3 long product which contains the
sequence of the primer rather than the corresponding
seguence of the original template. The long produc:
serves as a template for 1he second pnmer 10 introduce
an an vitro mutation. [n further cycles this mutanuon ic
amplified with an undiminished efTiciency. because no
lurther mispaired Primings are required. In this case. a
primer which carries 3 non-complementary extension
on its 5" end was used 1, insert 3 new sequence in the
product adjacent 10 the lemplate sequence being cop-
ed.

E. Because the reaction with polymerase generates
pyrophosphate and
berg. A.. D

minus pyrophosphatase demons;
nificant increase in homogeneity
of the inclusion of this ‘enzyme.

EXAMPLE 10

This example illustrates employing nested sets of
pnimers to decrease the background in the amplificanion
of single copy genes. :

Whole buman DNA homozygous for the wild-type
betagiobin allele was Subjected to twenty cycles of
amplification as follows: A tota] of 10 ug DNA, 200
picomoles each of the primers:

d(ACACAACT GTGTTCACTAGC) and

d(CAACTT CATCCACGTTCACC)
and 100 nanomoles each dNTP in 100 pul of 30 mM
Tris-acetate pH 1.9, 60 mM sodium acetate, 10 mM
dithiothreitol, and 10 mM magnesium acetate were
heated 10 100° C. for one mioute, cooled to 25° C. for
one minute, and treated with 2 units Klenow fragmen:
for two minutes. The cycle of heating, cooling and
2dding Klenow was repeated 19 times. A ten-ul aliquot
was removed from the reaction mixture and subjected
10 a further tea cycles of amplification using each of the
pnmers:

dCAGACACCATGGTGCACCT GACTCCTG)

and

d(CCCCACAGGGCAGTAACG.

GCAGACTTCTCQ),

which amplify a 58-bp fragment contained within the
110-bp fragment produced above This final ten cycles
of amplification was accomplished by diluting the 10-ul
aliquot into 90 ul of the fresh Tris-acetate bufTer de-
scribed above containing 100 nanomoles each ANTP
and 200 pmoles of each primer. Reaction condidons
were as above. After ten cycles a 1G-ul aliquot (corre-
sposding to 100 nanograms of the original DNA) was
appiied to 2 6% NuSieve (FMC Corp.) agarose gel and
visuallized using ethidium bromide.

FIG. 10 iliustrates this gel iluminated with UV light
and photographed through s red filter as is known in the
ant. Lane | is molecular weight markers. Lane 2 is an
aliquat of the reaction described above. Lane 3 is an
2liquot of a reaction identical to that described above,
€xcept that the onginal wild-type DNA was cleaved
with Ddel prior to amplification. Lane 4 is an aliquot of
A reaction identical to that described above, except that
human DNA homozygous for the sickle betaglobin
aliele was treated with Ddel prior to amplification (the
sickle allele does not contain a Ddel site in the fragment

rated a minor but sig-
of product as a result

20

30

45

50

60

]

L]
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being umplificd here). Lane § 18 an aliquot of ¢ fCaction
‘@entical 10 that describeg above. cxcept thyg o
Sperm DNA wax substituted for human DNa . Lane g4
an ughual of a reacugn identical (0 thar descriped
above. except that the 4liquot was treated wih Dde
affer amplification (Ddel should convent the S8-op
wild-type producs in
is an aliquot of the
after amplificaiion 0
Ddel site).

Detection of , 58-bp fragment repraentative of
singlecopy gene from one microgram of human DNa
using only ethidium bromide staining of an agarose gel
fequires an amplification of about 50C.000-fold. Thus
Wwas accomplished by using the two nested sen of oligo-
nucieotide primers herein, The first set amplifies the
110-bp fragment and the inner nested set amplifies ,
sub-fragment of this Product up 1o the level of conve.
nient detection shown in FIG. 10. This procedure of
using_ primers amplifying a smaller sequence contained
within the sequence being amplified in the previous
amplification process and contained in the extension
products of the other primers allows one to distinguish
the wild-type from the sickle allele at the betagiobin
locus without resoning to either radiosotopic or other-
wise cumbersome methodology such as that of Conner
etal, Proc. Natl. Acad. Sei. U.S.A., 80:278 (1983) and
(1.1419;37 et al., Proc. Natl. Acad. Sei US.A., 80-404S5

).

EXAMPLE i

The present process is expected to be useful in detect.
ing, in 2 patient DNA sample, a specific sequesce asso-
ciated with an infectious disease such as, e.g., Chlamy-
dia using a biotinylated hybridizaton probe spanning
the desired amplified sequence and using the process
described in U.S. Pat No. 4,358,535, supra. The bi-
otinylated hybridization probe may be prepared by
intercalation and irradiatiog of 1 partially double
stranded DNA with a 4-methylene substituted 4,5".8-
trimethylpsoralen attached to biotin via a spacer arm of
the formula:

R R

| |
—N—{CH;):—O—[(CH)),O],—CH1CH1-N—

where R is —H or 3 —CHO group, R” is —H. x is s
number from | to 4. and y is a number from 2 o0 4, as
described in U.S. Pat. No. 4,582,789 issued Apr. 1S,
1986 to K. Mullis et al., the disclosure of which is incor-
porated berein by reference. Detectios of the biotinyl
groups on the probe may be accomplished using a strep-
tavidin-acid phospbatase coroplex commercially obtain-
able from Enzo Biochemical using the detection proce-
dures suggested by the manufacturer in its brochure.
The hybridized probe is sees as a spot of precipitated
sain due to the binding of the detection complex. and
the subsequent reaction catalyzed by acid phosphatase,
which produces a precipitable dye

Deposit of Materials )

The cell line SC-1 (CTCC #0082) was deposited oa
Mar. 19, 1985 with the American Type Culture Collec-
tion (ATCC). 12301 Parklawn Drive, Rockville, Md
20852 USA, with ATCC Accession No. CRL#8756,
The deposit of SC-1 was made pursuant to a contract
between the ATCC and the assignee of this patent ap-
plication, Cetus Corporation. The coniract with ATCC
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27 28
Provides for permynen: availahility of the progeny of merace | Klenow fragment of £ coli DNA POlymerage
this cell line (0 ghe nublic an ihe iscuance of (he u.s. 1. T3 DNa Polymerase, reverse lr3nscnniase where,n

Patent describing 3nq identifying the deposit ar the the iemplace is RNA 00 DNA and th
Publications or ypan (he laying open 10 the public of  yer < DNA. and an enzyme tha; afier
any US. or foreign Patent application. whichever & atemperawure of abour 65°-90° . for
comes lirst. and for availability of the progeny of this nroducts at the 1em

€ €Xtersion prog.
bexng €xnosed (o

. : S Strands are separate¢ by dena.
ant thereto (mcludmg 37 CFR §1.1¢ with particular 19 turing before or during step (a).

refcrenc_c to 886 OG 638). The assignee of the present 9. The process of claim 1. wherein said nuclere acid is
.pph‘cmqn has agreed that if the cell line on depasit DNA and saig primers are oligodeoxyribonucieoxidg;_
should die or be jog Or destroyed when cultivated 10. The process of claim 1, where:n saig huCieic agye

under suitable conditions, it will pe promptly replaced is messenger RNA.
on notification with , viable cultyre of the same cell 1s 3. The process of claim 1 wherein said Mmixture of

line. nucleic acids ysed in Step (a) is the product of step (c).

extension products are produced which can subse- 20 step (a).

quently act as templates for further primer extension 13. The process of chaim 12, wherein the primery
reactions. The process s especially useful in detecting employed result in the amplification of 5 smalier se.
nucleic acid sequences which are initially present in quence conuined wirhin the sequence being amplified

only very smal| amounts. in the process for producing the product of step (c) used
Other modifications of the above described embodi- 25 in step (a).
ments of the invention which are obvious 10 those of 14. The process of claim 1, wherein said steps are

skill in the area of molecular biology and related disci. carried out simultmcouxly above room temperature
plines are intended to be within the scope of the follow- using an enzyme that after cxposed 1o a lemperature of

ing claims . about 65°-90" C. forms said extension products at the
What is claimed is: 30 temperature of reaction during steps (a) and (c).
1. A process for amplifying at least one specific nu- 15. The process of Claim 1. wherein the two primery

cleic acid sequence contained in 5 nucleic acid or a in steps (a) and (¢) are each Present in a molar ratio of at
mixture of nucleic acids wherein each nucleic acid cop- least 1000:1 primer:complemcmary strand.

sists of two separate complementary strands, of equal or 16. The process of claim L, wherein the nucleic acid

unesqual length, which Process comprises: 33 sequence(s) to be modified is contained in a mixture of
(3) rtreating the strands  with two oligonucleotide nucleic acids resulting from a chemical synthesis.

primers, for each different specific sequence being 17. The process of claim L wherein at least one

amplified, under conditions such that for each dif- primer contains ag least oac nucleotide which is pot

primers are selected so a3 to be sufTiciently comple-  otides and, at jts §° end. a2 T7 promoier containing 26
menatary to different strands of each specific se. noncomplementary nucieotides. .
quence to hybridize therewith such that the extep- 19. A process for amplifying a specific nucleic acid
sion product synthesized from one primer, when it 45 scquence coguined in double-stranded DNA which
is separated from its complement, can serve as a process comprises:

template for synthesis of the extension product of (a) separating the strands of the DNA by physical,
the other primer; chemical or CnZyrmatic means; )

(b) separating the primer extension products from the (b) treating the ningle strands with two oligodeox-
templates on which they were synthesized 1o pro- 30 yribonucleotide primers, io a molar excess of
duce single-stranded molecules; and primer its complementary strand, under con.dluor_u

(c) treating the single-stranded molecules generated such that an extension product of each primer is
from step (b) with the Primers of step (1) under synthesized, using £ coff DNA polymerase I or
conditions that a primer eéxtension product is syn- Klenow fragment thereof, which extension prod-
thesized using each of the single strands produced ss uct is complementary to each DNA strand,
in step (b) as 2 template. wherein said primers are se!ecxed SO as to be suffi.

2. The process of claim 1, wherein steps (b) and (c) ciently complemenuary to different strands of each

are repeated at least once. specific sequence to hybndng therewith such that

3. The process of claim 1, wherein said step (b) 1s the extension product syn.xhesued from one primer,

accomplished by denaturing, & when it is separated frorq its complcmql. can serve

4. The process of claim 3, wherein said denaruring is as & template fqr synthesis of the extension product

Caused by heating. of the other primer: ]
The process of claim 1, wherein said step (b) is (c) scparating the primer extension products from the
dccomplished using the enzyme helicase. templates on which they are synthesized to pro-

6. The process of claim 1, wherein steps (a) and (c) &S duce single-stranded molecules by physical, chemi-

wre accomplished using an enzyme. cal or enzymatic means; and od
. The process of claim 6, wherein s2id enzyme is (d) treating the single-stranded .molecules generat
selected from the group consisting of £ coli DNA poly- from step (c) with the two primers of step (b), ia &
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20. The process of claim 19. wheresn 3teP3 () ang (¢
- i are repeated at least once. )
cule. under conditions such that a pAmer cxtension 21. The process of claim 1. wherein, due 0 the degen
product s synthesized, using £ eoli DNA poly- ; eracy of the genetic code. a collection of primery "
] employed for each complementary strand, the sequencs
merase | or Klenow fragment thereol, and using  of one of which phmers is exactly complementary :o
each of the single strands produced in step (c) as a ;:‘:n:’"‘f-"emﬂufy siand over the length of g,
lemphle- ’ . [ ) L] L ] L ]

molar excess of primer: iC complementary mole-

13

s

5s )

65
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